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Abstract 

Objectives To explore the effect of aging on cardiac toxicity specifically the interaction of age and antipsychotic drugs to alter the QT 
interval. Methods The Medline databases were searched using the OvidSP platforms with the search strategy: "QT interval" or "QT" and 
"age" or "aging". The entry criteria were: over 10,000 apparently healthy individuals with data on both sexes; QT interval corrected for heart 
rate (QTc) and an expression of its variance for multiple age decades extending into the older ages. Results QTc increased in duration with 
increasing age. Considering a modest one SD increment in QTc in the normal population, the addition of Chlorpromazine produced a QTc on 
average greater than 450 ms for ages 70 years and older. Risperidone, that did not on average alter QTc, would be expected to produce a QTc 
of 450 ms in persons in their mid 70 years under some circumstances. QTc prolongation > 500 ms with antipsychotic drugs is more likely for 
persons with QTc initially at the 99* percentile. It may occur with Haloperidol which does not on average alter QTc. Conclusions The 
range of values for the QT interval in apparently normal older men or women, when combined with the range of expected QT interval 
changes induced by antipsychotic drugs, can readily be associated with prolonged QTc. Individuals with QTc at the 99"" percentile may have 
serious QTc prolongation with antipsychotic drugs even those that are not usually associated with QTc prolongation. 
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1 Introduction 

Cardiac safety has attracted considerable attention be- 
cause of the imperative to minimize or avoid drug-induced 
adverse effects on the heart at a drug's therapeutic dosages. 
The use of any drug needs to take into account its safety 
along with the expected benefit of treatment weighed 
against the alternatives. The potential of cardiac toxicity is 
unacceptable in healthy individuals using medication for a 
benign transient condition. On the other side of the spectrum 
is the situation in which the risk of a cardiac toxicity can be 
offset by the risk of not treating a patient with a serious 
condition which has a significantly increased risk of death 
or is associated with serious morbidity. A degree of cardiac 
toxicity may be tolerable when it restores a person with a 
debilitating psychiatric illness to normal functioning and 
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reduces suicide risk. This concept underlies the use of an- 
tipsychotic drugs some of which have the potential to in- 
duce serious cardiac arrhythmias. 

Research efforts have focused on identifying drugs with 
a high probability of producing cardiac toxicity and identi- 
fying factors that predict or modulate the development of 
cardiac toxicity. Findings on the 12 lead ECG have been 
useful for sudden death prediction.'^' One frequently used 
identifier of an increased risk of a fatal cardiac arrhythmia is 
an increase in the QT interval on the standard ECG.'^~^' Al- 
though there are differences of opinion on the extent to 
which alterations in the QT interval can predict the devel- 
opment of potentially fatal cardiac arrhythmias, there is a 
compelhng argument that the greater the drug-induced pro- 
longation of QT duration, the more likely is the occurrence 
of serious ventricular arrhythmias such as torsade de 
pointes. 

The complexity of integrating the multiple factors that 
influence cardiac safety into the development of drug-in- 
duced cardiac toxicity risk prediction models,''"' has per- 
haps lead to less consideration of the role of aging or con- 
siderations of person's age in cardiac toxicity. Aging has 
well known and documented effects on drug pharmacoki- 
netics and drug metabohsm.'"' The question of the impact 



http://www.jgc301 .com; jgc@jgc301 .com | Journal of Geriatric Cardiology 



Rabkin SW. Age, QTc and antipsychotic drugs 



21 



of aging on the QT interval and cardiac safety, however, has 
not been the subject of a much discussion. The objective of 
this study is to explore the effect of aging on the QT interval 
and specifically to illustrate the potential of antipsychotic 
drugs to compound the risks for alteration of the QT interval. 

2 Methods 

2.1 Search strategy 

A systematic search was conducted to identify studies 
that examined the relationship between QT interval and 
aging. The Medline databases were searched using the 
OvidSP platforms. The full electronic search strategy was 
"QT interval" or" QT" and "age" or "aging". The search 
was limited to humans and English language. The last date 
of search was January 30, 2014. 

The inclusion criteria were (1) an original study, (2) over 
5,000 persons in the study, (3) data on both sexes, (4) pres- 
entation of the measured QT interval corrected for heart rate, 
(5) presentation of mean data for measured QT interval plus 
an expression of its variance for multiple age decades ex- 
tending into the older age groups, (6) apparently healthy 
individuals, and (7) at least 200 individuals over the age of 
65 years. 

A second search was conducted to identify a study from 
randomized control trials in adults that reported the effect of 
antipsychotic drugs on the QT interval and included an es- 
timate of variance. The objective was to utilize the data 
from this study in conjunction with the age related QT data 
to assess the potential for age to impact the effect of antip- 
sychotic drugs. 

2.2 Data analysis 

In order to combine data, the means of different groups 
were summed. In order to combine standard deviations, the 
square root of the sum of the standard deviations squared 
was used. The mean data for each calculation are displayed. 

3 Results 

Two studies were identified that fulfilled the entry crite- 
ria for QT studies.''^ '^' Several large studies were not in- 
cluded because they did not present an estimate of QT in- 
terval variance for age decades,''*' corrected QT for heart 
rate,''^' or did not include data extending into older 
ages."^''^' 

QTc shows a gradual increase in duration with increasing 
age in the largest data base, about 45,000 apparently healthy 
persons, of ECG intervals in apparently healthy individuals 
(Figure lA).''^' The addition of data on the effect of 
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Figure 1. The QT interval adjusted for heart rate by Frideri- 
cia method, according to age [12]. The mid point of each decade 
was used for graphical presentation. (A): The QTc that would be 
anticipated if the average QTc prolongation with CPZ treatment is 
added to the mean, mean plus one SD of normal group, or mean 
plus CPZ plus one SD of CPZ group or the normal group one SD 
plus CPZ group plus one SD; (B): The QTc that would be antici- 
pated if the average QTc prolongation with Risp treatment is added 
to the mean, mean plus one SD of normal group, or mean plus Risp 
plus one SD of Risp group or the normal group one SD plus Risp 
group plus one SD; (C): The QTc that would be anticipated if the 
average QTc prolongation with CPZ treatment is added to the 
mean or mean plus CPZ plus one SD of CPZ group for men and 
women. CPZ: Chlorpromazine; Risp: Risperidone. 
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Chlorpromazine (CPZ), ' by combination of the means, 
showed a meaningful increase in QTc. Considering a mod- 
est one SD increment in QTc in the normal population, the 
addition of Chlorpromazine results in a QTc on average 
greater than 450 ms in persons mid 70 years of age and old- 
er. The 450 ms value is highlighted because it is the mid 
point between the recommended definition of an abnormal 
QTc for men and women.''^' Similar results are evident for 
individuals with normal QTc who respond to CPZ at a 
modestly greater QTc prolongation of one SD more. Indi- 
viduals with slightly longer QTc (one SD greater than the 
mean), who respond to CPZ-induced QTc prolongation of 
ISD greater than the mean, show a QTc of 450 ms before 
age 50 years and the QTc is more prolonged at older ages. 

For comparison, an agent, such as Risperidone, that did 
not alter QTc in a study of almost 400 individuals,'^^^ pro- 
duced little effect in this kind of analysis (Figure IB). 
However, the trend of increasing QTc with age produced 
QTc of 450 ms in persons in their mid 70 years when they 
began with a QTc only 1 SD greater than the mean and had 
a response to Risperidone which was 1 SD greater than the 
average response to Risperidone. 

Women in general have a longer QTc than men.'^^^ 
Women who receive CPZ have a longer QTc than men 
(Figure IC). QTc increases with age more in men than 
women so the differentially larger QTc in women decreases 
with increasing age. 

Prolonged QTc has been considered to be a relative con- 
traindication to the use of antipsychotic agents. To explore 
the impUcations of this concept, the 99* percentile for QTc 
at different ages was compared in the two data bases. The 
99* percentile for QTc increases with age in both data 
sets.'^^''^' CPZ produces an incremental increase in QTc 
which becomes more prominent with increasing age (Figure 
2A). The absolute magnitude of the QTc approaches 500 ms 
in men in their late 60s for those whose response to CPZ is 
one SD greater than the mean response. Men over, 70 years 
of age show a persistent increase in QTc with age. Women 
who receive CPZ and whose pretreatment QTc is in the 99* 
percentile attained a QTc of 500 ms by age 50 years if re- 
sponse to CPZ is one SD greater than the mean response. 
Women over 50 years of age show a persistent increase in 
QTc with increasing age. 

The impact of age is evident for agents that do not on av- 
erage increase QTc such as Haloperidol, which was evalu- 
ated in over 1,000 individuals."'*^ QTc approaches 500 ms m 
men in their late 60s for those whose response to Haloperi- 
dol is one SD greater than the mean response (Figure 2B). 
This effect is somewhat more apparent in one data base"^^ 
than the other."^' The impact of Haloperidol on QTc was 
evident in women as well as men (Figure 2B). 



4 Discussion 

The important contribution of this study is the illustration 
that the range of values for the QT interval in apparently 
normal older individuals, when combined with the range of 
expected QT interval changes induced by antipsychotic 
drugs, can readily be associated with prolonged QT inter- 
vals in the range that can be considered serious. Further- 
more, QTc in the range that may be seriously abnormal may 
be produced by agents that are not usually associated with 
QTc prolongation because of the pretreatment longer QTc 
in apparently healthy older persons. These findings were 
noted in both men and women. 

The large studies examined herein, consisting of about 
56,000 individuals, and both demonstrated an increased QT 
interval with increasing age.^^^'^^^ The relationship between 
age and QT interval appears to have a steeper slope at older 
ages. This translates into a much longer QT with increasing 
age especially at 70 years of age and older. The increase in 
QTc with age evaluated in the present study is supported by 
a number of small studies,"^'^"'^'' although there are some 
exceptions. 

Cardiac safety of various drugs is compromised in older 
individuals. This represents a complex interaction of factors 
including altered drug pharmacokinetics and metabolism in 
aging, the development of clinical or occult cardiovascular 
disease, and probably the molecular biology of aging as it 
related to cardiac toxicity. The present study provides 
illustrative evidence that the increased QT interval with 
aging is another factor to consider in explaining the reduc- 
tion in cardiac safety with drugs that prolong the QTc in 
older individuals. 

Several QTc cutoff points were used to illustrate the ef- 
fect of age and anti-psychotic drugs. A QTc of 450 ms was 
selected to illustrate the effects of aging and antipsychotic 
drugs on QTc. This value was selected because it is the mid 
point between the recommended definition of an abnormal 
QTc for men and women.''^^ A QTc of 500 ms has fre- 
quently been used as a cutoff because these longer QTc 
interval measurements are associated with substantially 
higher risk especially with the use of anti-psychotic drugs. 
Although other factors can also influence the risk, the 
greater the QT duration, the greater is the hkelihood of po- 
tentially fatal arrhythmias such as torsade de pointes.'*"^^ 

Sex differences in the QT interval may explain in part the 
greater incidence of fatal cardiac arrhythmias in women on 
antipsychotic drugs compared to men.'^^ QTc is usually 
greater in most women than men. QTc is not likely the only 
factor as the difference between men and women is reduced 
in the older age groups. This observation has been noted 
previously.'^'^ 



Journal of Geriatric Cardiology | jgc@jgc301.com; http;//www.jgc301.com 



Rabkin SW. Age, QTc and antipsychotic drugs 



23 



CPZ 



550 



I 500 
t 

S 450 



400 

^ 550 
1 500 
^ 450 

o 

O 400 
550- 



♦ +CPZ+1SD 
A+CPZ 

o 99"" percentile 



Men 
♦ 



A O O 

O 



A 

O 



A 

O 



25 



50 



Men 



75 



100 



0 10 20 30 40 50 60 70 
Age (yrs) 



Halo 



3 500 



i 450- 



400 

550 
500 
450 
400 



♦ 99''M-Halo+lSD 
A 99'M-Halo 
o 99"" percentile 



Men ♦ 
♦ ♦ a 

♦ 



♦ ♦ 



25 



50 
Age (yrs) 



75 



100 



Men 



0 10 20 30 40 50 60 70 80 

Age (yrs) 



550 



3 500 - 
El 

•a 
t 

S 450 



400 



550 



^ 500 



a 450 



♦ +CPZ+1SD 

A+CPZ 

o 99ii> percentile 
♦ ♦ 



CPZ 



Women 



A 

O 



A 

O 



A 

O 



25 



400 



50 



Women 



75 



100 



0 10 20 30 40 50 60 70 80 
Age (yrs) 



Halo 



550 -| ♦99"M-Halo+lSD 
A 99"M-Halo 
o 99* percentile 

500 ' 



S 



a 



450 

400 
^ 550 

a 
a> 

> 

B 450 



Women 



25 



a 



400 



50 

Age (yrs) 
Women 



75 



100 



0 10 20 30 40 50 60 70 80 
Age (yrs) 



Figure 2. The 99* percentile of the QT interval for men and women adjusted for heart rate by Fridericia method, according to age 
using the mid point of each decade, was used for graphical presentation according to the data of Mason et al^^^^ upper panel and 
DmitrienJso et a/.''^' lower panel. (A): The data are presented for the 99* percentile plus the mean change in QTc for CPZ as well as the 
change in QTc plus 1 SD with CPZ; (B): The data are presented for the 99* percentile plus the mean change in QTc for Halo as well as the 
change in QTc plus 1 SD with Halo. CPZ: CUorpromazine; Halo: Haloperidol. 



Several limitations of this study should be kept in mind. 
First, this study was not designed to be a detailed evaluation 
of the effect of antipsychotic drugs on QT interval. Rather 
the study focused on QT interval and used the effect of 
anti-psychotic drugs as an example of how agents might 
interact with the QT interval at different person's ages. 



Second the study is conceptual in format and should not 
necessarily be used as an indicator of the action of all an- 
tipsychotic drugs. Third, one data source with antipsychotic 
drugs was used.'^'^' These data included studies with same 
kinds of protocols and ECG analysis. The effect of the an- 
tipsychotic drugs on QT interval summarized in that 
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study, was similar to randomized evaluation of six dif- 
ferent agents in the same patient population. Fourth, the 
measurement of QT is not without its technical challenges 
and the QT interval is not simply a reflection only of repo- 
larization. Both of the issues with measurement and inter- 
pretation of the QT interval have been addressed in reviews 
and discussions. Fifth, mechanisms responsible for 
each of the components of the QT interval'^**^ might be af- 
fected by the processes involved with aging and drugs that 
reduce cardiac safety. Sixth, the method used for the QT 
correction for heart rate was the Fridericia formula. While 
concems have been raised about the accuracy of this for- 
mula for QT correction,'^'^ comparison of 10 mathemati- 
cally different QT prediction formulae in 881 middle-aged 
men found that the Fridericia' s formula fit the data better 
than most other formulae. '^"^ In a large data sets of over 
10,000 normal ECGs the Fridericia was similar to Fram- 
ingham, and Hodges formulae. '^'^ Thus, the Fridericia ad- 
justment for the effect of heart rate on QT interval is an ac- 
ceptable approach to QT interval correction for heart rate. 

In summary, the values for the QT interval in apparently 
normal older men and women when combined with the 
range of expected QT interval changes induced by antipsy- 
chotic drugs can be associated with prolonged QT intervals 
in the range that can be considered serious. Furthermore, 
QTc in the range that may be seriously abnormal may be 
produced by agents that are not usually associated with QTc 
prolongation because of the pretreatment longer QTc in 
apparently healthy older persons. Antipsychotic medications 
are disproportionately used among elderly persons espe- 
cially in persons over age 80 years and among subjects liv- 
ing in institutions. '^^^ This study highlights the potential 
problems with the use of antipsychotic medications and 
other drugs which prolong QT interval when used in older 
individuals. 
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